Abstract This review presents the physical performance outcomes of randomised trials investigating exercise programmes that included balance exercise for older people with dementia. A systematic literature search through five computerised bibliographic databases until February 2009 was carried out. Of 1,038 potentially relevant published articles, only seven met the inclusion criteria and were extracted. Findings from the review for a total of 632 participants showed that almost all of the included studies addressed exercise or physical activities as the main intervention; however, only two of the studies focused on balance exercise. The effect size values varied from no effect (0.00) to a large effect (3.29) of the interventions for a range of physical performance outcome measures. Findings also suggest that it is feasible to conduct exercise programmes with older people with dementia. However, further studies with more specific exercise designed to improve balance performance in order to prevent falls are required for older people with dementia.
had dementia, and there were 4.6 million new cases of dementia every year [1] . This translates to one additional person being affected by dementia every 7 s [1] . As the world population ages and there is an increasing number of older people, it is expected that there will be a corresponding increase in the number of people with dementia.
Falls are another well-known public health issue in the older population. Nearly one in three people aged 65 years and over fall once or more each year [2, 3] . The incidence of falls is even greater in older people with dementia, with around 60% falling in each 6-month period [4] and 70-80% falling annually [5] . It has also been reported that this population experience falls at a rate two to three times that of the general older population [6, 7] . Falls often lead to functional limitation, loss of independence, loss of confidence, associated illness and mortality in this population [8] [9] [10] . People with dementia have been found to have more serious fall-related injuries [11] .
One factor contributing to falls is reduced balance performance [12] [13] [14] . Consequently, balance exercise is considered to be an essential part of fall prevention programmes for older people. This has been confirmed by a number of systematic reviews of randomised controlled studies developed for fall prevention in the past two decades [15] [16] [17] [18] . Greater levels of balance and gait impairment have been reported in people with dementia than would be expected with normal ageing [19, 20] . Decline in motor function and balance has also been identified in people with mild stages of Alzheimer's disease [21] . These findings may explain the increased incidence of falls in people with dementia. Moreover, decreased balance performance has been reported as a predictor of people with dementia requiring transition to permanent skilled nursing facilities [22] .
To date, there is no published systematic review investigating the effects of exercise interventions specifically targeted at balance in people with dementia. There have been four previous systematic reviews of studies investigating the effects of exercise or physical activities for people with cognitive impairment or dementia [23] [24] [25] [26] . However, only one [26] of these reviews clearly included only trials targeted at older people with dementia. The other studies included samples with mixed or unclear diagnoses of dementia and cognitively impaired older people. In addition, these reviews focused on the effects of exercise programmes and activities in general but did not separately consider the effectiveness of balance-specific exercise. Incorporating balance training appears to be an essential component of successful exercise interventions that reduce falls [17, 27] . This review seeks to address these gaps. The purpose of the present systematic review was to evaluate the available evidence on the effectiveness of balance exercise programmes (whether conducted alone or as part of broader physical intervention programmes) in improving balance performance and fallrelated outcomes (such as number of falls and risk of falling) in older people with dementia.
Method

Search strategy
The literature search was conducted on the following computerised bibliographic databases: MEDLINE (1950 to January week 4, 2009) 
Criteria for inclusion
Inclusion criteria were established to filter relevant articles for the review. The studies were eligible for inclusion if they met all of the following criteria.
Participants
Studies were included if all the participants were older people (aged 65 years and over) with dementia. Studies that included people with younger onset of dementia (dementia diagnosed in people under the age of 65 years) were not included in the review. We included people with Alzheimer's disease, vascular dementia, mixed Alzheimer's disease and vascular dementia and other dementia with all levels of severity of dementia. Studies that reported they included "demented people" but that did not clearly identify that all included participants were diagnosed with dementia were excluded. Where a study included participants aged over 65 years with cognitive impairment, at least 80% of the sample needed to have a diagnosis of dementia for the study to be included in this review.
Intervention
To be included, interventions had to include exercise with at least one component focused on improving balance or reducing falls in older people with dementia. However, it was not deemed necessary for the balance exercise to be the major component of the intervention programme.
Outcome measures
We only included studies that reported at least one outcome measure relating to balance performance in the standing position or to risk of falling or fall-related measures such as injuries or hospitalizations related to falls. Studies that measured mobility performance that involved standing balance as a component in the measurement were also included. Additional outcome measures could also include functional ability, daily activity and other related measures such as quality of life, cognitive and behavioural measures.
Study design
Studies that used a randomised controlled trial (RCT) design comparing one or more interventions (incorporating exercise) and a control group were included. Only full articles published in English in a peer-reviewed journal were included in this review.
Criteria for exclusion
Studies that reported research conducted in which any of the participants were aged less than 65 years or studies in which less than 80% of the participants were older people with a diagnosis of any type of dementia were excluded from this review. Studies that focused on resistance, endurance or aerobic exercise or walking, which did not include a component of balance exercise were excluded. We also excluded studies using only indirect outcome measures of balance, for example, muscle strength or global functional performance. Articles that did not contain an intervention programme were excluded. Studies which scored a quality rating of less than 3 on the PEDro scale (see below) were also excluded from the review.
Selection of studies
One reviewer (PS) assessed the titles and abstracts obtained from the search, and any studies clearly not meeting the inclusion criteria were discarded. Two reviewers (KH and PS) then scrutinised full paper copies of the potentially relevant studies according to the inclusion/exclusion criteria described above. All studies that appeared to meet the selection criteria were included. Disagreement in determining suitability of papers for inclusion was resolved by discussion.
Quality assessment
In the present review, five out of seven selected studies had previously been rated by PEDro's criteria and indexed on PEDro-the physiotherapy evidence database (http://www. pedro.org.au/). These scores have been adopted in this review. The quality of the two studies not rated on the PEDro database was independently assessed by the two reviewers (KH and PS) using the PEDro scale. Disagreement between reviewers was resolved through discussion to achieve a consensus score.
Data extraction
Data were extracted from the included studies using a customised data extraction tool based on a standardised data extraction template for Cochrane Reviews [28] . The elements were adapted to the aims of this review. The following information were extracted: population, type of dementia, severity of dementia, inclusion/exclusion criteria, setting, intervention (especially information about balance exercise), outcome measures, results, study design and limitations of the study.
Data analysis
Effect sizes (ES) were calculated from individual studies to examine the effectiveness of each intervention by quantifying the difference between experimental and control groups using the standardised mean difference method [29, 30] . Each individual study ES was calculated where the mean, the standard deviation (SD) and number of participants in each group were available from the published reports. In studies where the intervention programmes combined exercise training with another intervention (i.e. occupational therapy, physical education or cognitive behavioural therapies, support group or other medical treatments), the ES was calculated based on the results from the exercise intervention only if available. The (timed) get up and go test outcomes were converted into positive values to calculate the ES. This reflects the fact that a decrease in time taken to perform this task represents an improvement in mobility performance, in contrast to the other included measures, where an increase in score reflected improved performance. The individual ES calculation was conducted using a Webbased ES calculator (available at: http://www.cemcentre.org/ renderpage.asp?linkid=30325017) from which the bias-corrected ES estimates were reported. The bias correction used the Hedges and Olkin factor [29] . The ES results were interpreted based on Cohen's convention for size of effect on standardised difference between two groups [31] by which ESs ranging from 0.2 to <0.5 are defined as "small effect", from 0.5 to <0.8 as "medium effect" and ≥0.8 as "large effect". Where insufficient data were provided, the data were analysed descriptively only. A meta-analysis was not performed because of the heterogeneity of characteristics of the interventions and outcome measures. Figure 1 summarises the literature search. The search strategy yielded 1,038 studies. Examination resulted in the exclusion of 918 studies as they did not include either people with a diagnosis of dementia or did not incorporate exercise interventions. One hundred and twenty abstracts were screened, and a further 87 studies were excluded because they also did not meet all the inclusion criteria. Consequently, 33 studies were considered as potentially relevant for this review. However, a further 26 studies were excluded after full papers were reviewed. Reasons for exclusion of these studies were that fewer than 80% of included participants were diagnosed as having dementia [32] [33] [34] or included demented people but did not clearly explain the term "demented" [35, 36] or they included people aged under 65 years [37] ; the studies had a physical intervention which did not include any balance training component [38] [39] [40] [41] [42] ; the studies did not assess balance performance or fall-related outcome measures or did not report the results of balance or fall-related outcomes [37, [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] and one potentially relevant study [54] used a non-RCT design and low methodological quality (PEDro score of lower than three) [55, 56] . This left a total of seven RCTs for review. Table 2 shows the data extracted from each study as well as the quality rating scores (PEDro score).
Results
Search strategy yields
Participants
The seven included studies generated a sample size of 632 participants of whom 321 and 311 were in the intervention and control groups, respectively. As shown in Table 2 , the number of participants in each study varied from 16 to 274; two studies [57, 58] included more than 100 participants. Only one study [58] included a mixed sample of people with and without a diagnosis of dementia (approximately 90% of included participants [246 out of 274 participants] having a diagnosis of dementia). Sample size calculations were reported in only two studies [58, 59] .
Five of the seven studies reported both the mean age and SD [57, [60] [61] [62] [63] . The combined mean age±SD of these studies was 79.7±7.3. Two further studies [58, 59] reported age ranges of 66-98 and 70-98 years, respectively.
Gender proportions were reported in all studies. In one study [62] , there were only female participants. In the other six studies, the included participants were primarily female. Overall, the proportion of female participants was a mean of approximately 76%.
Three studies [57, 60, 61] included only residents of institutions (hospital, nursing home or other residential care facilities). Another study [58] included participants from both residential facilities (approximately 78%) and community facilities (approximately 22%). Participants were community living in the other three studies [59, 62, 63] . Gait and balance components of modified performance orientated mobility assessment (lower score better)
Consequently, approximately 66% (418 participants) of the participants were institutional residents.
Interventions
As illustrated in Table 2 , four [57, 59, 61, 62] of the seven studies included exercise programmes or physical activities as the main intervention in their protocols. Three studies [58, 60, 63] provided a multi-intervention programme in which exercise was one of four interventions [58] and one of three interventions [60, 63] in the protocols. The study of Christofoletti et al. [60] compared three groups: (1) an interdisciplinary group (exercise by a physiotherapist [PT] and group activities by an occupational therapist), (2) an exercise group conducted by PT and (3) a control group. The present review focuses on information reported from the exercise alone intervention group in the study. Neither of the other two studies [58, 63] used a full factorial design, which would have required comparisons of all possible interventions and combinations across all factors or interventions to enable identification of the exercise intervention component outcomes in isolation. Generally, the programmes involved combined exercise which included flexibility, strengthening, walking and balance components. The exercise interventions were described as a "physical therapy" programme in three studies [58] [59] [60] and included balance and gait with mobility or with functional re-training [58, 59] and strength and balance exercise with cognitive stimulation [60] . Another study [63] conducted Taiji (tai chi) exercises consisting of strength and balance training. Of the seven studies, only two specifically stated that the exercise programmes were specially aimed to improve balance [60, 63] . Frequency of the intervention programmes ranged from twice a week [57] to twice a day [58] . The intervention programmes were performed from a minimum of 30 min to a maximum of 60 min per session. The duration of the interventions ranged from 2 weeks to 12 months (approximately 6 months on average).
Group exercises were performed in three [57, 61, 63] of the studies, but only two studies reported the number of participants per group, which were two to five [57] and four [61] . Three studies [58] [59] [60] consisted of individual exercises, in which one delivered a home-based exercise programme [58] . Another study [62] did not specify whether the exercises were individual or group.
The individual exercise programmes in all three studies [58] [59] [60] were supervised by a physiotherapist. However, the group exercise interventions in the other three studies [57, 61, 63] were supervised by an occupational therapist [57] , an exercise scientist [61] and Taiji (tai chi) instructors [63] .
Specific details of the balance exercise varied in the reports. None of the included studies reported the duration of the balance training component as a proportion of the whole of the exercise intervention programme. Details about the balance training component was reported in only three studies [57] [58] [59] and consisted of balance re-education in sitting or standing position [59] and one-or two-leg balance exercise (standing on toes with and without support [58] or on firm or foam rubber surface [57] ). The balance training components in the other four studies [60] [61] [62] [63] were reported as a part of the kinesiotherapeutic exercises (combination of balance, strengthening and cognitive stimulation exercises) [60] , coordination and balance exercises [61] , lower extremity exercises [62] and a Taiji (tai chi) training programme [63] . Exercise programmes involving games or activities with equipment (e.g. cones, hoop, foam rubber sheets, Bobath balls, Swiss ball, elastic ribbons and proprioceptive stimulation plates) were reported in three studies [57, 60, 62] . Only one study [58] provided for a progression of the balance exercises through four levels (1 to 4) that corresponded to progressively decreasing support and increasing manoeuvrability during standing balance activities.
Outcome measures
There was a wide variety of outcomes assessed and reported in the studies reviewed. Details of type of measurements and the time lines of assessments can be seen in Table 2 . The outcome measures included measurements of balance performance (the Berg balance scale, the Tinetti scale and one-leg balance test); mobility and gait (timed get up and go test, Southampton mobility assessment); walking tests (speed and distance); functional fitness assessments (strength, flexibility, agility and endurance); activity of daily living (ADL); falls and related consequences such as fall-related attendance at the emergency department or hospital admission or mortality and psychological or cognitive tests as well as reports of feasibility and compliance. Functional balance and mobility were the most frequent outcome measures undertaken in the studies, with the Berg balance scale being the most commonly used measure of balance performance.
Effectiveness of intervention programmes
The effectiveness of the physical activity interventions is summarised in Table 2 . Significant improvements were seen in the following variables: walking speed [57] , gait score (from the modified performance-oriented mobility assessment [POMA]) [58] , mobility score (from Southampton mobility assessment) [59] , ADL scores [61, 62] , Berg balance scale [60] , POMA (Tinetti scale) [61] , duration of exercise or endurance [61] , time chair stand [61] , lower extremity strength [62] , upper extremity strength [61] , flexibility [61, 62] and agility [61, 62] . No significant improvements were reported in the fall-related outcome measures. A number of non-physical outcome measures were also reported including the mini mental state examination (MMSE) score [62, 63] , self-esteem scale [63] , verbal fluency test [60] and clock drawing test [60] .
Of the seven studies, only four provided the mean and SD of physical performance variables of the treatment and control groups and the number of participants of each group for the results reported. Physical performance outcomes were classified under four categories: mobility (the Southampton mobility and timed get up and go test), walking (2-min walking test and 6-m walking test), balance (Berg balance scale and single leg stance test) and ADL (Katz index of ADLs). The bias-corrected ES values and the 95% confidence interval (CI) for the ES are presented in Fig. 2 . These ES values ranged from 0.00 to 3.29. Analysis of the ES values according to the sub-grouping of physical outcome measures was identified.
-For the mobility outcome measures, the ES ranged from 0.00 (95% CI, −0.36, 0.36) to 1.85 (95% CI, 0.97, 2.73), which is classified as no effect to a large ES; -For the walking outcome measures, the ES ranged from 0.23 (95% CI, −0.13, 0.60; small effect) to 0.55 (95% CI, 0.10, 1.01; medium ES);
-For the balance outcome measures, the range of ES was from 0.07 (95% CI, −0.62, 0.76; no effect) to 3.29 (95% CI, 2.17, 4.41; large effect) and -For the ADL measures, which were assessed at two time points (6 and 12 months) in the study by Rolland et al. [57] , ES values of 0.07 (95% CI, −0.29, 0.43) and 0.26 (95% CI, −0.11, 0.64; small effect) were obtained, respectively.
Three studies reported attendance or participation information. Almost 42% of participants in the Rolland et al. trial [57] attended fewer than one third of the exercise sessions, and the overall mean number of sessions attended by participants who completed the study was only 33.2± 25.5% of the 88 sessions. Another study [61] reported a 98.9% rate of attendance. Seventy-five percent of participants in the study by Burgener et al. [63] attended all Taiji (tai chi) sessions with 90% of the sample attending at least two of the three sessions weekly.
Quality of studies
Five of the seven studies were rated on the PEDro database, with scores ranging from four to eight from the total score of ten. The remaining two studies [61, 63] were rated by the current reviewers (KH and PS) using PEDro criteria as 6/10. 
Discussion
This comprehensive systematic review of the literature located only seven published randomised controlled studies assessing the effectiveness of balance training as a component of an exercise intervention, on the balance performance of older people with dementia. The heterogeneity of the characteristics of the participants, the intervention programmes and the outcome measures of the included studies limits the conclusions able to be derived.
Only four studies provided data suitable for calculating an ES. The ES calculation results vary from no effect to large effect (ES values ranged from 0.00 to 3.29) of the exercise intervention on physical performance outcomes for people with dementia. Factors possibly contributing to the limited ES in two of the studies could include an insufficient rate of attendance (33.2±25.5% of classes were attended on average) [57] ; and the fact that in the study by Burgener et al. [63] , the comparison between the intervention and control groups was made at the 20th week of a 40-week intervention programme. Variation in the effectiveness of the programme between a control group and an intervention group may be expected to be greater at the 40th week than halfway through the programme.
The effectiveness of exercise interventions appeared to be greater on balance and mobility outcomes than other physical performance outcome measures, with five out of nine balance and mobility outcomes being rated as having a medium or large effect. Of note, the study by Christofoletti et al. [60] showed a large effect (ES±SE=3.29±0.57) on the Berg balance scale. The fact that the exercise programme concentrated on strength and balance stimulation may explain the magnitude of the effectiveness of the programme on the functional balance measurement in this study. The individual approach of the physiotherapist could be another key element in the success of the programme. However, the marked variability in ESs and lack of homogeneity in samples, interventions and outcome measures means that no firm conclusions can be drawn about the effectiveness of these programmes.
This review did not demonstrate the effectiveness of the exercise interventions in any fall outcome measures (e.g. falls, fallers and time to first fall). Only one study [58] did measure fall outcomes and did not achieve significant outcomes on these measures. Factors that may have contributed to this lack of effect include that the programme was conducted in people with moderately severe dementia (intervention group mean MMSE=14, control group mean MMSE=12) with high falls risk (who had fallen and presented to an emergency department). It is possible that the potential to respond to the interventions may be more limited [24] or slower to achieve, in people with greater cognitive impairment or frailty. The study [58] involved multi-factorial interventions that included a 3-month duration exercise programme. The nature of exercise interventions for people with dementia may also need some modification compared to programmes that have been shown to be successful in reducing falls in non-cognitively impaired older people. Modifications such as increasing the duration and frequency of exercise sessions and changing the types of exercises to accommodate the specific balance impairments and tasks that can be performed safely by people with dementia may improve implementation feasibility in this clinical group, and possibly also impact on fall outcomes.
The results of our review need to be considered in the context of several other reviews of exercise interventions in people with cognitive impairment or dementia. A previous review [23] has supported the proposition that exercise programmes can improve physical fitness, cognitive and behavioural outcomes in people with cognitive impairment and dementia. However, the evidence for effectiveness of physical activity programmes in this population is still limited, as is concluded by our review and two previous systematic reviews [24, 26] . Only one [24] of these reviews evaluated fall outcomes of exercise programmes in this clinical group. There has been an increase in studies evaluating exercise programmes for people with dementia in recent years, although most of these evaluated cognitive and behaviour-related outcomes [42, 48, 52, 64] .
Measurements of balance and mobility performance were the most frequent outcome measures undertaken in the studies, and some balance measures appeared to be responsive to the interventions. However, almost all of the studies measured balance performance in terms of functional ability, mostly using functional rating tools such as the Berg balance scale and the POMA (Tinetti scale). Most of the functional balance tests provide only a general picture of balance performance. As balance is complex and multidimensional [65] [66] [67] , a more comprehensive balance assessment battery of well-validated, sensitive measures should be considered to identify the specific elements that contribute to the improvement or decline in performance. This may then provide a clearer picture of the effectiveness of balancerelated outcomes and also identify aspects of the exercise interventions that warrant greater focus [65] [66] [67] .
The older people with dementia included in the studies varied in the type of dementia as well as the severity of dementia. There was also additional variation in functional and mobility performance. Only two of the studies [57, 61] specifically included only participants with Alzheimer's disease, while the other studies included participants with diagnoses of dementia of any type. Differences in types and severity of dementia could result in different characteristics of impairment and cognitive or physical limitation within the sample [68] and ability to respond to an exercise intervention programme. There is value in future studies considering relatively homogenous samples (e.g. incorporating only participants with a single diagnosis of dementia, such as Alzheimer's disease, or vascular dementia).
Almost all of the studies had methodologic limitations, and only two studies [57, 58] were rated as being of high methodological quality (PEDro score ≥7). Only one of these studies [57] targeted specifically a single type of dementia (Alzheimer's disease). Sample size was another research limitation. Studies either had a small sample size [61] [62] [63] or the calculation of sample size was not reported [57, [60] [61] [62] [63] . Future studies with a more rigorous research design and with adequate sample size would give better evidence of the effects of exercise in people with dementia.
Nearly two thirds of the participants included in this review were residents of institutions. Residents of institutions generally have a more severe level of dementia and other co-morbidities than people with dementia living in the community, and there are differences relating to supervision and staffing in institutional settings that suggest that effectiveness of exercise programmes for people living in the community and those living in residential care may need to be considered separately. There is a clear need for further studies in this area, particularly for older people with dementia living at home. There is also a need to evaluate these exercise interventions for people with less severe dementia, when they are more likely to be able to actively and safely participate in exercise programmes, particularly those that aim to improve balance performance.
To date, there is no report of a well-conducted RCT utilising a balance exercise programme designed to improve balance performance and to reduce risk of falls, which was specifically targeted to people with mild to moderate dementia who were living in the community. These are important research gaps to be addressed, given the growing prevalence of dementia, and the increasing number of people with dementia who remains supported in the community setting to later stages of disease progression [5, 24] .
Although the value of the exercise interventions is being increasingly acknowledged, full benefits may only be realised when a high level of compliance is achieved. In this review, attendance and participation rates were reported in only three studies [57, 61, 63] . One possible factor contributing to lower participation may be the length of the programme. One study that had a 12-month duration of exercise [57] reported a low rate of attendance, whereas the 3-month study [61] reported substantially higher attendance rates. Another study [63] conducted a Taiji (tai chi) programme over 5 months had a high rate of attendance. In this study, follow-up phone calls were made to remind participants when they had missed an intervention class. However, this is not a sufficient database from which to form any definite conclusion as to the length of the programme needed to maximise compliance and therefore effectiveness. Other factors can be relevant to participation rates, especially the perceived benefits to be derived from an intervention programme, frequency of the programme, ongoing support, variety in the programme and engagement of carers. It should be noted that carers are a critical element in the life and in the direction of care of older people with dementia, and factors in implementation of exercise programmes that accommodate carer needs (e.g. time and location of classes, availability of transport, and costs) need to be considered.
Although most participants were recruited from residential care, the results of this review suggest that exercise programmes for older people with dementia are feasible. Fall prevention programmes have obvious benefits to both the individual and to society as a whole [69, 70] , and exercise programmes incorporating balance training are an established effective approach to reducing falls in older people without dementia.
Study limitations
Only seven studies that met the eligibility criteria for inclusion in this systematic review were identified. Unfortunately, the elements needed for conclusions to be satisfactorily drawn were not always present, resulting in low-quality ratings for several of the studies. Future RCTs should follow Consort statement guidelines [71] to maximise design rigour. Not all of the included studies reported the nature of the exercise programmes, so information about which programme included balance training and the duration of the programme were not always available. To assess the effectiveness of training programmes of this nature, this information should be included in published reports.
Conclusion
This systematic review identified only seven studies that met the three following inclusion criteria: (1) participants were older people (aged 65 years and over) with dementia, (2) the intervention included balance exercises and (3) one or more balance-related outcomes were measured. The results from ES calculations vary from no effect (0.00) to large effect (3.29) of exercise interventions implemented in people with dementia for physical performance assessed over a range of measures. For measures of balance performance, ES ranged from 0.07 to 3.29, so no conclusive statement about effectiveness can be made.
Findings from the systematic review support the feasibility of conducting exercise interventions in this clinical group.
The systematic review suggests the need for further research to evaluate the effectiveness of balance training exercise to reduce falls risk in people with dementia. Future studies should target samples with a single type of dementia (e.g. Alzheimer's disease or vascular dementia) as the effects on balance performance and responsiveness to interventions may vary between differing diagnoses. Given the projected growth in the prevalence of dementia and the increased focus on maintaining community living as long as possible, future studies should also target community-living samples.
